ity of the soy sauce mash (Fukushima, 1989; Ho et al., 1984; Robert et al., 2000; Röling et al., 1994; Röling and van Verseveld, 1996; Yokotsuka and Sasaki, 1998) . However, lactic acid bacteria in soy sauce fermentation in Thailand have not been studied in detail.
This study deals with the identification of sphereand rod-shaped lactic acid bacteria isolated from soy sauce mash in Thailand on the basis of phenotypic and chemotaxonomic characteristics, and DNA-DNA similarity.
Materials and Methods
Bacterial cell counts and isolation method. Soy sauce mash samples were collected at factories A in Samutsakorn and B in Samutprakarn Provinces. The cell number was counted by a plating method on MRS agar (De Man et al., 1960) containing 5% NaCl at 30°C after a 3-to 5-day incubation. Pure cultures were obtained by streaking cultured cells on MRS agar plates. For the halophilic strains, 5% NaCl was added to the medium. The samples were analyzed for the concentration of NaCl by the method of AOAC (Mulvaney, 1995) and for pH by using a Beckman pH meter.
Bacterial cultures. Fourteen sphere-shaped isolates and 30 rod-shaped isolates were used in this study (Tables 1 and 2 Morphological and cultural characteristics. Cell form, cell size, and cell arrangement were examined for the cells grown on MRS agar at 30°C for 3 days. The medium containing 5% NaCl was used for all tests of the halophilic strains. Hucker-Conn modification was used for Gram stain (Hucker and Conn, 1923) . Spore formation was examined on Gram-stained specimens. Motility was detected by the appearance of stab cultures in soft agar (Whittenbury, 1963) . Colony appearances were investigated by using MRS agar plates.
Biochemical and physiological characteristics. All tests were carried out by incubating the cultures at 30°C, except for the investigation of the effect of temperatures. Catalase, nitrate reduction, hydrolysis of esculin, arginine, and starch, and reactions in litmus milk were tested as described by Tanasupawat et al. (1992 Tanasupawat et al. ( , 1998 . Growth at 42°C, at different starting pHs (3.5, 4.0, 4.5, 7.5, 8.0, and 8.5) , and at different concentrations of NaCl (0, 6, 8, 10, 12, 14, 18 , and 25%) were tested by using MRS broth. Half strength MRS (MRSH) broth was used for subculturing the isolates and determining the final pH after a 5-day incubation. The production of gas from D-glucose was examined by using MRS broth with a Durham tube. Acid production from carbohydrates was determined as reported previously (Tanasupawat et al., 1998) .
Isomers of lactic acid. The strains tested were cultivated in GYPB broth for 3 to 5 days (Tanasupawat et al., 1998) . Lactic acid was extracted with ether from the supernatant of the fermentation broth, and analyzed by HPLC (Manome et al., 1998; Otsuka et al., 1994) .
Peptidoglycan type of the cell wall. Diaminopimelic acid in the cell wall was detected by hydrolysis of 3 mg dried cells grown in GYPB broth. The cells were hydrolyzed with 1 ml 6 N HCl at 100°C for 18 h, and the hydrolyzate was applied to a cellulose TLC plate (Merck no. 5577). The TLC plate was developed with the system of methanol-water-6 N HCl-pyridine (80 : 26 : 4 : 10, v/v) , and the spots were visualized (Komagata and Suzuki, 1987) .
DNA-DNA similarity. DNAs were isolated from cells grown in MRSH broth for 18 to 48 h, and purified by the method of Saito and Miura (1963) . The culture medium supplemented with 0.5 to 1.5% glycine was used for the strains from which it was difficult to isolate DNA (Yamada and Komagata, 1970) . Photobiotin labeling was used for determination of DNA-DNA similarity in 2ϫ SSC (saline trisodium citrate) and 50% formamide solution at 40 or 45°C for 12 h (Ezaki et al., 1989) . The similarity was determined by the colorimetric method (Tanasupawat et al., 2000) .
Results

Bacterial cell counts and chemical properties of soy sauce mash samples
Soy sauce mash samples tested contained 1.4ϫ10 5 to 4.3ϫ10 7 bacterial cells/g, and showed an NaCl concentration between 8.0 and 17.3% and a pH between 4.3 and 5.9 (Table 1) .
Morphological and cultural characteristics
All isolates were Gram-positive, nonmotile, and non- a The samples were collected from each batch with different days of fermentation. ND, not determined. 
4.2-4.5 4.0-4.6 3.7-3.8 3.7-3.8 3.7-3.8 3.8 3.8 4.2 Growth at 42°C sporing. The cells of 14 sphere-shaped strains measured 0.8 to 1.0 mm in size and appeared in tetrads (Table 2) . Their colonies on MRS agar plates supplemented with 5% NaCl were circular, low convex with entire margin, and nonpigmented. The cells of 30 rodshaped strains measured 0.8-1.0ϫ1.5-5.0 mm in cell size, and appeared singly, in pairs, or in chains (Table  2) . Their colonies on MRS agar plates were circular, low convex with entire margin, and nonpigmented.
DNA-DNA similarity
Isolates were divided into two major groups, Groups A and B, by cell shape and DNA-DNA similarity. Group A consisted of 14 sphere-shaped isolates, and the strains of this group showed a high degree of DNA similarity (over 73.0%) with T. halophilus ATCC 33315 T (Table 3) . Group B consisted of 30 rod-shaped isolates, and the strains of this group were further divided into four Subgroups (B1, B2, B3, and B4), and three ungrouped strains ( . Two ungrouped strains, SR11-2 and SR25-2, showed a low degree of DNA similarity with the reference strains tested (Table 4 ). The DNA similarity of SR29-3 to the reference strains was not determined because of its heterofermentative characteristic.
Biochemical and physiological characteristics
All Group A strains were microaerophilic and homofermentative, and grew well in media containing 10 to 18% NaCl but weakly in media without NaCl and in 25% NaCl. They did not grow at pH 4.5. Group A strains showed negative reactions for catalase, nitrate reduction, hydrolysis of starch, and litmus milk. Group A strains showed higher final pHs in MRSH broth than Groups B2, B3, and B4 strains, and the two ungrouped strains, SR11-2 and SR25-2 (Table 2) .
All Group B strains were microaerophilic and homofermentative. These strains grew at pH 4.5, and acidified litmus milk but did not liquefy. They showed negative reactions for catalase, nitrate reduction, and hydrolysis of starch. Subgroup B1 strains showed 204 TANASUPAWAT et al. Vol. 48 slightly higher final pHs in MRSH broth than Subgroups B2, B3, and B4, and two ungrouped strains, and did not grow at pH 8.5. Subgroup B1 strains grew in 0 to 12% NaCl, and most in 14% NaCl. Subgroup B2 strains hydrolyzed arginine and esculin. Subgroups B2 and B3 strains acidified, coagulated and reduced litmus milk, and grew at 42°C. Subgroup B4 strains acidified litmus milk but did not coagulate or reduce it (Table 2) .
Two ungrouped strains, SR11-2 and SR25-2, were microaerophilic and homofermentative. An ungrouped strain, SR29-3, was microaerophilic and heterofermentative, and grew at pH 3.5 to 8.5. This strain showed a higher final pH in MRSH broth than Subgroups B2, B3, and B4, and the other ungrouped strains ( Table 2 ).
All strains tested in Groups A and B produced acid from D-glucose, D-fructose, D-galactose, and D-mannose. Many strains showed variable reactions with acid production from sugars (Table 5) .
Isomers of lactic acid
Of 13 strains tested in Group A, 12 produced L-lactic acid from D-glucose and one, DL-lactic acid. Of 14 strains in Group B, 10 produced L-lactic acid from Dglucose and four, DL-lactic acid. Of three ungrouped strains, SR11-2 produced L-lactic acid from D-glucose, SR25-2 DL-lactic acid, and SR29-3 D-lactic acid (Table  6) .
Peptidoglycan type of cell walls
Subgroup B3 and B4 strains, and ungrouped strain S25-2 contained meso-diaminopimelic acid in the whole cell hydrolyzate (Table 2) . Subgroups B1 and B2 and two ungrouped strains had no meso-diaminopimelic acid.
Discussion
Forty-four strains of lactic acid bacteria were isolated from soy sauce mash samples collected in Thailand. The sphere-shaped isolates were included in the genus Tetragenococcus, and all the rod-shaped isolates were identified as members of the genus Lactobacillus by phenotypic characteristics, the peptidoglycan type of the cell wall, and DNA-DNA similarity (Collins et al., 1990; Hammes et al., 1992; Kandler and Weiss, 1986; Tanasupawat et al., 2000) .
Group A contained 14 strains. These strains were tetrad-forming cocci, and were identified as T.
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Lactic acid bacteria from soy sauce mash 205 halophilus (Collins et al., 1990) by the high degree of DNA-DNA similarity (over 73.0%) with T. halophilus ATCC 33315
T and SC11-1 and the low degree of DNA similarity (less than 50.2%) with T. muriaticus JCM 10006 T (Satomi et al., 1997 ). Of 13 strains tested, 12 produced L-lactic acid (over 76.9% based on consumed D-glucose), but the strain SC21-2 produced a little higher amount of D-lactic acid. All strains grew well in 10 to 18% NaCl and at pH 8.5 but not at pH 4.5.
Tetragenococcus strains are widely distributed in soy sauce mash, and heterogeneous strains have distinguished on the basis of carbohydrate fermentation ability (Uchida, 1982) . T. halophilus strains found in Chinese and Japanese fermented soy sauce showed an obvious difference in the utilization of L-arabinose (Röling and van Verseveld, 1996) . However, half the T. halophilus strains isolated in this study produced acid from L-arabinose. This may depend on the use of koji prepared with wheat flour and molds, which was similar to Japanese soy sauce fermentation (Lotong, 1998) . Recently, T. halophilus and T. muriaticus were differentiated from each other by their growth in medium without NaCl and the fermentation of L-arabinose, sucrose and D-mannitol (Kobayashi et al., 2000; Satomi et al.,1997) . However, this study showed the variable patterns of carbohydrate fermentation for new isolates. Therefore, DNA similarity is still useful for the identification of T. halophilus strains. Subgroup B1 contained 16 isolates. They were identified as L. acidipiscis by the high degree of DNA-DNA similarity (over 72.0%) with L. acidipiscis TISTR 1386 T and over 93.8% with SR99-1. These strains had no meso-diaminopimelic acid in the cell wall, and nine strains tested produced L-lactic acid. They were differentiated from Subgroup B2 strains by their growth in 12% NaCl and lack of growth at pH 8.5. Most Subgroup B1 strains were differentiated from Subgroup B2 strains by the hydrolysis of arginine. These characteristics were already reported for the separation of L. acidipiscis from L. farciminis strains (Tanasupawat et al., 1998 (Tanasupawat et al., , 2000 .
Subgroup B2 contained two isolates, SR18-1 and SR18-2. These strains were identified as L. farciminis by the high degree of DNA similarity (over 72.0%) with 206 TANASUPAWAT et al. Vol. 48 
DL-lactic acid. SR29-3 was heterofermentative. The ungrouped strains showed some characteristics different from known species, but remained unnamed in this study. During the fermentation of soy sauce, yeasts, Micrococcus, Streptococcus, Bacillus, lactic acid bacteria, and related bacteria have appeared spontaneously in the soy sauce mash (Fukushima, 1989; Yokotsuka and Sasaki, 1998) . T. halophilus strains were commonly isolated from the soy sauce mash and produced L-lactic acid (Fukushima, 1989; Ho et al., 1984; Röling and van Verseveld, 1996; Uchida, 1982) . In addition to lactic acid, they produced organic acids such as acetic acid, which helped to control the dominant yeasts, Z. rouxii and C. versatilis, in the moromi (O'Toole, 1997). Soy sauce is produced in large tanks (20 tons) at the factories we investigated, but the technology has not been improved yet. Therefore, the concentration of NaCl varied with samples tested. However, T. halophilus strains appeared in many batches with different concentrations of NaCl, and were found in almost all the samples throughout the fermentation. L. acidipiscis strains were found in many batches of the middle and late stages of the soy sauce fermentation. On the other hand, L. farciminis, L. pentosus, and L. plantarum strains were isolated from some samples (Table 7) . T. halophilus, L. acidipiscis, L. farciminis, L. pentosus, and L. plantarum strains were able to grow 2002 Lactic acid bacteria from soy sauce mash 207 in a high concentration of NaCl (10-14%), and were found in fermented fish in Thailand as well (Tanasupawat and Daengsubha, 1983; Tanasupawat and Komagata, 1995; Tanasupawat et al., 1998 Tanasupawat et al., , 2000 . 
